Introduction
Some facilities/firms exit the market rather than complying with costly environmental regulations. The purpose of this paper is to delineate the types of facilities/firms that are more likely to exit the market and more importantly, the major economic reasons for their exit. These questions deserve answers for several reasons. If many facilities/firms choose to exit the market in response to environmental regulations, the survivors would gain significant market power, and a healthy market competition would be threatened. If certain types of facilities/firms are more vulnerable to environmental regulations than others, public sector agencies may want to couple environmental regulations with appropriate economic assistance to vulnerable businesses if they are considered essential for providing services or spurring competition.
Much literature has been devoted to the uneven impacts of environmental and safety regulations among different types of facilities/firms, especially with respect to firm and/or facility size [2, 3, 8, 19, 20] . Pashigian [19] found that the market share of small plants experienced a larger decrease in the "high pollution abatement cost" group of industries than the "low pollution abatement cost" group of industries from 1972 to 1977, when U.S. environmental regulations became more stringent. Pashigian [19] concluded that "environmental laws ha [ve] … placed a greater burden on small than on large plants." Bartel and Thomas [2] found that industries with a high proportion of their workers in large establishments have actually profited from the enforcement of OSHA and EPA regulations, while those with a high proportion of workers in small establishments have been the losers. More recently, Dean, Brown and Stango [8] examined new business formations across 170 manufacturing industries over a ten year span and suggested that a greater intensity of environmental regulation is associated with fewer small business formations.
Our study makes a contribution to this literature not only because it directly addresses firm/facility exit, which is largely left unexplored in the literature 1 , but also because of two features which make it different from previous studies. First, the economic mechanisms underlying the uneven impacts of environmental regulations were seldom discussed in the existing literature, and when they were, economies of scale occupied almost all the attention.
Typically, the papers contend that there are substantial economies of scale involved in compliance, and therefore small facilities/firms are heavily affected [2, 19, 22] . In this paper, we will show that both the liquidity constraints and the economies of scale arguments can explain why small businesses are more likely to exit the market under environmental regulations.
Although both lead to disadvantages for small businesses, for analytical purposes and ultimately, for policy purposes, 2 these two mechanisms are distinct.
Second, most of the literature [2, 8, 19 ] relied on inter-industry comparisons. Although these papers provided insights across a broad range of industries, they could not explicate the role of environmental regulations in specific industries [8] . Nor could they provide a deeper understanding of the economic mechanisms underlying the uneven impacts. Environmental regulations may have very different impacts on the dynamics between large and small firms in different industries. Contrary to the dominant view that small firms/facilities may be disadvantaged because of economies of scale, Ringleb and Wiggins [21] argued that small establishments in hazardous industries may benefit from stricter environmental laws because larger firms in these industries tend to transfer hazardous operations to small ones to protect 1 The literature has investigated whether environmental regulations have a larger impact on small firms' profits, wages and innovation than large firms [2, 23] . Pashigian [19] examined the impact of environmental regulation on the overall market structure but did not separate entry and exit. The impact on firm entry was addressed by Dean and Brown [7] and Dean, Brown and Stango [8] . 2 If liquidity constraints are the major reason, a low interest loan program may be desirable. However, if the economies of scale are significant, a tax credit or small-business exemption may be more appropriate. Of course, this will raise a set of interesting policy questions we will discuss briefly in the section 7 but requires future research.
themselves from liabilities associated with environmental regulation. Having not focused on specific industries, the previous literature has not provided a satisfactory discussion of the economic mechanisms driving firms' asymmetrical responses to environmental regulation.
In this paper, we focus on one specific environmental regulation -Underground Storage Tank (UST) regulation, and its impacts on one specific sector -the petroleum retail market. In doing so, we are able to track the regulatory changes over time and study how firms respond to them. We are also able to perform analyses at the facility level -a much finer level than interindustry comparisons. We focus on Michigan's UST program. During the past twenty years, Michigan's UST regulations have undergone several significant changes, which, as discussed in section 4, provide the researchers with an appropriate setting to test and disentangle the importance of the economies of scale and liquidity constraints in determining what types of petroleum outlets are most likely to exit the market under UST regulations.
The paper is organized as follows. Section 2 provides a brief background of Underground Storage Tank (UST) regulations and the petroleum retail market. Section 3 discusses the relevance of the economies of scale and liquidity constraints in explaining petroleum outlets' decisions to exit the market. Section 4 discusses the strategies to test and disentangle the empirical relevance of these two mechanisms. The results and alternative explanations for them are discussed in Section 5 and 6 respectively. Section 7 summarizes the major findings and suggests directions for future research. had three options. First, they could upgrade 6 or replace their old USTs and in return pay a lower insurance premium. Second, they could choose not to undertake major upgrading work and then pay a higher insurance premium. Finally, they could choose to exit the market. Another regulatory change occurred in 1998, when UST owners and operators had to replace their pre-1989 installed tanks with new tanks, or upgrade them to meet UST technical standards concerning spill, overfill, and corrosion protection (40 CFR §280.21). Both options are very costly. The EPA estimated that it would cost between $80,000 and $100,000 to replace an existing three-tank facility with three new USTs and piping, assuming no cleanup is needed.
UST Regulations and Petroleum Retail Market

Federal and Michigan UST Regulations
The EPA also estimated that it would cost around $13,000 to upgrade a three-tank system with cathodic protection and spill and overfill protection. EPA recognized, these estimates are low [24] . In response to this regulatory change, the petroleum retailers were forced to upgrade or replace their old USTs or leave the business.
Petroleum Retail Market
Petroleum retailing is a mixed distribution system where there is a variety of contractual forms for the vertical relationship between the retailers and the refiners, including company operated outlets, lessee dealer operated outlets, open dealer operated outlets, and independent retail outlets [12] . For company operated outlets, the branded refiner owns the station and an employee of the refiner manages the station. In the case of lessee dealer operated outlets, the refiner owns the station and leases it to a residual claimant. For open dealer operated outlets, the retailer owns the station property and signs a contract with a branded refiner to sell its brand of petroleum products. All these outlets sell branded petroleum products. If an outlet sells unbranded petroleum products, it is an independent retail outlet. Independent retail outlets can sell any type of petroleum products and can purchase them from any refiner.
With respect to the relationship between the petroleum retailers and refiners, a critical question in this research is who is responsible for the costs of regulatory compliance -upgrading or replacing the USTs, and purchasing commercial insurance if required. The short answer is the property owner. 7 In the case of company operated outlets and lessee dealer operated outlets, the branded refiner is responsible for financing the UST replacement or upgrading work, and purchasing insurance for FRRs. In the case of open dealer operated outlets and independent retail outlets, the retailers own the outlet properties, and are responsible for any costs arising from the compliance with UST regulations. In this paper, petroleum outlet refers to a retail station, and petroleum firm refers to the entity that owns retail stations.
Economies of Scale and Liquidity Constraints
This section discusses the role of the economies of scale and liquidity constraints in explaining petroleum outlets' exit in relation to the major UST regulatory events in Michigan. 
Economies of Scale
A negative first derivative suggests that the required price margin decreases with Q i .
That is, large facilities need a smaller price increase to cover the increased cost. Equation (1) is negative as long as
, that is, the marginal cost is smaller than the average cost.
This condition should hold in the case of UST regulations for two reasons. One is the high fixed costs, FC as shown in Figure 2 , which include information collection (for both insurance quota and tank technology) and excavation cost (for upgrading or replacing tanks). 8 The fixed costs also include automated monitor and inventory system, data processing system, and expenses related to monthly monitoring and testing as required in UST regulations.
Another reason is that the variable part of the costs, VC(Q i ) as shown in Figure 2 , is a concave function of Q i because the cost of upgrading or replacing one more tank is normally less than the average variable cost of upgrading or replacing the previous tanks, or the premiums of insuring one more tank is less than the average variable cost of insuring the previous tanks. As such, Figure 2 depicts the tank owners and operators' cost function of complying with UST regulations. It is easy to verify that the marginal cost associated with one more unit of Q i (the slope of L1) is always smaller than the average cost (the slope of L2) at Q i . Therefore, condition
(1) holds for any Q i in Figure 2 . This suggests that small petroleum outlets are more vulnerable to the cost impacts arising from UST regulations than large ones because they need a larger price margin to recover the increased costs.
Figure 2: Concave Cost Function with Fixed Cost
Siebert studied the uneven impacts of UST regulations on petroleum outlets of different size [10] . He showed that the ability to recover the compliance cost largely depends on the volume of gasoline sold. A station selling 25,000 gallons a month would need 6.6 cents per gallon to recover the added costs, while one selling 300,000 gallons a month would need only 0.6 cents per gallon. He points out that the pressure is likely to drive many more small operators out of business, especially in areas where competition takes place among a great number of stations. Stations selling large amounts of gasoline would gain competitive advantage as they are more easily able to pass long cost increases to consumers [10] .
We thus argue that small petroleum outlets have more difficulties in passing on the compliance costs to customers. Therefore, they are more likely to exit the market instead of replacing or upgrading their old USTs.
Environmental Liability and Liquidity Constraints
One of the most serious financial problems facing petroleum retailers in trying to meet UST regulations is their inability to obtain loans for UST replacement, upgrading or other purposes. Emond [10] institutions have stopped lending to gasoline marketers and many others." [10] .
In a survey of its members, the Independent Bankers Association of America found that seven out of ten banks indicated that there are some classes of loans their institution will not write due to environmental liability concerns [6] . Hayward [13] also noted that:
The uncertain liability situation in this area has hampered owners' efforts to upgrade tanks. The regulations specify that the Federal Water Pollution Act third party defense applies to USTs, rather than the narrow Superfund third party defense. RCRA forbids owners from using indemnification or hold harmless agreements to transfer from the tank's owners or operators, or third parties, liability for UST leakage. Even so, banks have refused to lend funds to UST owners to pay for tank upgrading based on the fear that third party liability for environmental damage under RCRA could be construed as broadly as Superfund liability, under which banks have been held liable for cleanup cost [13, p.647] .
With limited access to external capital, the ability of petroleum retailers to upgrade or replace their USTs largely depends on whether they have the required funds from within the firm.
As discussed in section 2, the refiners normally have no financial responsibility for the petroleum retailers if they do not own the property. For example, an independent owner who holds a Shell
Oil Company franchise usually cannot get financial help from Shell. The independent owner is responsible for upgrading or replacing their USTs. The franchisor (refiner) only supplies the fuel and has no other responsibility for the site. 9 In other words, the ability of petroleum retailers to finance UST replacement or upgrading depends on the owners' internal capital that is closely related to their business revenue.
In this paper, we will provide an empirical investigation of whether petroleum outlets whose owners have smaller business revenues are less likely to have funds for UST replacement or upgrading. Replacing or upgrading old USTs is less likely to be a feasible option for outlets owned by small firms. Before 1998, these outlets were less likely to upgrade or replace their old USTs and instead pay higher insurance premiums. In 1998 when strict UST technical standards were enforced, those outlets that had not replaced or upgraded their old USTs because of the lack of internal funds would be forced out of the market.
Anecdotal Evidence
The uneven impacts of UST regulations on small vs. large petroleum retailers have been a constant concern in the formulation and enforcement of UST regulations. Over the years, there has been anecdotal evidence that small petroleum retailers are heavily hit by UST regulations.
Right after EPA published the UST regulations in 1988, the New York Times ran a front page story with the headline "Fuel-Leak Rules May Hasten End of Mom and Pop Service Station," which estimated that the rules would force the closure of 25% of the nation's service stations [5] .
One representative in Congress made the following comment: "It is the small-and mediumsized businesses which will be unable to meet the requirements and, in some cases, will be forced completely out of businesses." [5] .
National Petroleum News ran a survey every year on the number of gasoline stations. It found that "the decline in station population has been continuous since the beginning of this decade, a situation attributable to tough environmental regulations which have wiped out thousands of marginal, low-volume units. An example of this was the December 22, 1998 UST deadline that caused many sites to shut their doors." [18] .
The pain is most felt by small petroleum retail station owners. "The day of the independent businessman is about gone," tanks. Most of these are the independent owners -the 'mom & pops.'" [4] . Kelly (1990) particularly emphasized the impacts of the 1998 deadline. He wrote, "The Environmental Protection Agency deadline to upgrade underground storage tanks has come and gone, but not without leaving some lasting effects. Many smaller, rural station owners chose to close their tanks instead of pay the thousands of dollars in service fees required to bring them up to date. Because the EPA set a fine of $11,000 per day for tank owners who don't upgrade, closing the tanks was the least expensive way to comply with the law for many marketers." [15] .
All these anecdotes suggest that small petroleum retailers had more difficulties with UST regulations than larger ones.
Identification Strategies
Measurement
To test the economies of scale, we ideally need data on the amount of petroleum products sold at each petroleum retail outlet, information that is difficult to obtain. In this study, we use the number of USTs at each petroleum retail outlet as a proxy for the amount of petroleum products sold. The assumption is that the retailers that sell a large amount of petroleum products are more likely to put more USTs under ground. This assumption is plausible as long as the retailers generally make rational decisions based on the expected market demand when they established a retail outlet.
To test the liquidity constraints, we need firm-level instead of outlet-level data because it is the petroleum retail firms (outlet owners) rather than retail outlets that are responsible for upgrading or replacing USTs. As discussed in the previous section, the ideal data to test the liquidity constraints are the firms' business revenues. As we have not been able to obtain data on the business revenue of individual petroleum retail firms, the number of the outlets that petroleum retail firms own will be used as a proxy. Table 2 shows that the sales per gasoline retail firm increases with the employment size of the firm. It is fair to assume that petroleum retail firms that own more outlets employ more people and have higher business revenue.
Therefore, we expect that firms with more outlets are more likely to have internal fund for UST replacement or upgrading. We notice that the fund availability for a multiple-outlet firm whose outlets are all small may not be much greater than a small outlet operating as a single-outlet firm. The business volume of small outlets is generally very small (see Table 3 ). Small outlets in multiple-outlet firms are more likely to have internal fund than small outlets operating as single-outlet firms because they can internally borrow money from large outlets in the same firm. Therefore, we focus on the multiple-outlet firms that own at least one large outlet. 
Three Variations
To identify and disentangle the empirical relevance of the economies of scale and liquidity constraints in explaining the exit of petroleum outlets in response to UST regulations, we explore three variations on the exit rate of petroleum retail outlets. The first variation is among outlets of different size, small outlets vs. large outlets. The second one is the variation among outlets owned by different size of firms, single-outlet firms vs. multiple-outlet firms with at least one large outlet. The third one is the variation over time (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) .
A small outlet is defined as a petroleum retail outlet that operates one or two USTs. A large outlet is a petroleum retail outlet that operates three or more USTs. A small outlet usually has two USTs for regular and premium gasoline. 10 As a robustness check, we also define large outlets as petroleum retail outlets that operate five or more USTs, and compare them with small outlets that operate one or two USTs. The major findings do not change at all. Therefore, we only report the results based on the definition of two or more USTs.
A single-outlet petroleum retail firm is a firm that owns only one outlet. A multipleoutlet petroleum retail firm with at least one large outlet is a firm that owns two or more petroleum retail outlets, among which at least one is large. For the sake of conciseness, we refer to them as multiple-outlet firms. Given these definitions, we have four types of petroleum retail outlets: small outlets operating as single-outlet firms (SSF), large outlets operating as singleoutlet firms (LSF), small outlets in multiple-outlet firms (SMF), and large outlets in multipleoutlet firms (LMF).
We also investigate how the exit rate of petroleum retail outlets evolves over time. 
Testing the Economies of Scale
We investigate how the exit rate -conditional exit probability -changed across different types of petroleum retail outlets over time. The conditional exit probability is defined as the probability that an outlet exited the market in year t, given that this outlet made it to the start of year t. It is estimated by:
the number of outlets that exit in year ( ) the number of outlets that are in service at the beginning of year
To test the economies of scale, we investigate (
, that is, the difference in the conditional exit probability between small and large outlets in multiple-outlet firms. For these outlets, the liquidity constraints should not be a factor because they are all owned by multiple-outlet firms and the decision as to whether to exit the market is driven by whether it is profitable to upgrade or replace old USTs, or buy private insurance. If the economies of scale is a significant factor in deciding firms' exit decision, one would observe that multiple-outlet firms are more likely to retire small outlets rather than large outlets during the 
Testing the Liquidity Constraints
To test the liquidity constraints, we investigate (
, that is, the difference in the conditional exit probability between small outlets operating as single-outlet because the outlets in these two groups are both small. The difference is that internal fund may be available to small outlets operated by multiple-outlet firms, but not to small outlets operating as single-outlet firms.
Because meeting technical standards requires a large lump sum investment, it is more likely to pose a significant financial challenge to small outlets than requiring the purchase of insurance.
Therefore, we focus on the private insurance and technical standards periods when studying the impact of the liquidity constraints.
If the liquidity constraints is a significant factor in deciding the outlets' exit decision, one would observe that small outlets operating as single-outlet firms are more likely to exit the market than small outlets owned by multiple-outlet firms in 
Empirical Investigations
Data
The Michigan UST database, provided by the MDEQ, is used to test the empirical relevance of the economies of scale and liquidity constraints in explaining the exit of petroleum outlets in response to UST regulations. We focus on petroleum outlets that already existed in 1992, and follow them all the way to the year 2000. 12 13 Our final database includes 7,705 petroleum retail outlets that were in service in 1992, and their distribution across various types of outlets is shown in Table 4 . The largest firm is Speedway Superamerica LLC that owned 393 petroleum retail outlets in 1992. The largest petroleum retail outlet, which operated 14 USTs in 1992, was owned by Meijer Retail and Grocery. 11 Alternatively, we use both the Private Insurance period and the State Fund period as control periods. The findings do not depend on which control is used. Conceptually, using the Private Insurance period only as the control period is more sensible as we want to disentangle the impacts of the enforcement of technical standards from the impacts of imposing private insurance coverage requirements. We want the only difference between the two studied periods to be the enforcement of technical standards. Because of these, we only report the results using the private insurance period as the control period in the regression analyses. 12 The UST database covers tanks at both commercial and public sites. We omit public entities, e.g. school districts, from the analyses because their decisions are less likely to be explained by the economic mechanisms of interest -economies of scale and liquidity constraints. These entities are not profit-oriented and do not face severe budget constraints. 13 We restrict the sample to the outlets that already existed in 1992 because including new entries may confound the analyses. For example, if new entries are more likely to be large outlets, when we find that large outlets are less likely to exit the market, we are not sure this is because large outlets have fewer difficulties in complying with UST regulations, or large outlets are relatively new. 
Observations at Aggregate Level
We first look at the empirical relevance of the economies of scale in explaining petroleum retailers' exit decision. To do this we examine (
, that is, the difference in the conditional exit probability between small and large outlets in multiple-outlet firms. Figure 3 shows that ( them. In fact, we should expect that the difference in conditional exit probability between small outlets and large outlets in multiple-outlet firms becomes smaller because they both had already met the technical standards and hence were less likely to exit the market. This is exactly what we observe in Figure 3 . We investigate the liquidity constraints by studying (
, that is, the difference in the conditional exit probability between small outlets operating as single-outlet firms and small outlets owned by multiple-outlet firms. Figure 4 shows that [1995] [1996] [1997] . This implies that, in response to the enforcement of UST technical standards, small outlets operating as single-outlet firms are more likely to exit the market than those owned by multiple-outlet firms. This supports research hypothesis 2.
In sum, Figure 4 suggests that the requirement of purchasing private insurance does not change the relative likelihood that small outlets operating as single-outlet firms and small outlets in multiple-outlet firms exit the market. But they may have survived the private insurance period through different approaches. Small outlets in multiple-outlet firms were more likely to upgrade or replace their old tanks and pay a lower insurance premium because they have both the financial capability and incentives to do so as discussed earlier. But because of the lack of internal funds, small outlets operating as single-outlet firms were less likely to undertake major upgrading work and instead opted to pay a higher insurance premium. As the technical standards were enforced in 1998, they had no choice but to exit the market. This explains why the difference in the conditional exit probability between small outlets operating as single-outlet firms and small outlets in multiple-outlet firms became larger in the Private Insurance and Technical Standards period, compared to previous periods and implies that the liquidity constraints is a significant factor in determining petroleum retail outlets' decision as to whether to exit the market. 
Regression Analyses
In this section, we perform regression analyses to test the empirical relevance of the economies of scale and liquidity constraints in explaining the exit of petroleum retail outlets in response to UST regulations. Regression analyses enable one to examine exit behavior at the outlet level and therefore provide a more precise estimate than aggregate analyses. Second, they Exit is a dichotomous variable with 1 indicating petroleum retail outlet j exited the market in year t and 0 that it did not exit, given that it was in business in year t. To test the research hypotheses, we need variables indicating the size of petroleum outlets, the size of petroleum retail firms that own those outlets, and regulatory periods. Let In (3), we use moderated terms to identify how various types of petroleum retail outlets respond differently to the policy changes. A moderated regression model like this demands careful interpretation [14] . To test research hypothesis 1 (economies of scale), we investigate 
where ( 1 ) jt P Exit = is the probability that facility j exit in year t, given it made its way to year t. This factorization follows immediately from the definition of conditional probability. Each of the terms in the equation above may be treated as though it came from a distinct, independent observation. Therefore, this regression model is good as long as the observations are independent across facilities. The dependence among the different observations on the same facility is not a concern here [see 1, pp. (3), the estimated conditional exit probability of different types of petroleum retail outlets in different periods are summarized in Table 5 . Standards period compared to the Private Insurance period, and therefore provides a test for research hypothesis 2. Column 1 of Table 6 presents the results. Table 6 confirms the data depicted in Figure 3 and Figure 4 . It shows that 5 β is positive and significant, which suggests that multiple-outlet firms are more likely to retire small outlets than large outlets in response to the policy transition from the state fund program to the private insurance market. More specifically, in the state fund period, the odds of small outlets in multiple-outlet firms exiting the market is 2.5 (=exp( 2 β )) times the odds of large outlets in multiple-outlet firms exiting the market. This odds ratio increase to 5.5 (=exp ( 2 5 β β + )) in the private insurance period. Again this provides support for research hypothesis 1 and suggests that the economies of scale is a significant factor in determining petroleum retail outlets' decision as to whether to exit the market. 
Alternative Explanations
The above analyses suggest that small outlets and single-outlet firms are more likely to exit the market under UST regulations because they have more difficulties coping with UST 
Original Difference among Different Types of Petroleum Outlets
The four types of petroleum retail outlets may be very different from each other in characteristics such as tank capacity and tank age. These characteristics may interact with some market or regulatory conditions in the studied periods and cause the observed phenomena. To see if this argument is valid, we compare the average tank age and tank capacity for the four types of petroleum retail outlets. Table 7 suggests that the USTs in single-outlet firms are generally older and of smaller capacity, compared to multiple-outlet firms, especially for the small outlets operating as single-outlet firms. An ANOVA analysis suggests that the difference is statistically significant.
Can this difference explain the observed phenomenon that single-outlet firms and small outlets are more likely to exit the market under UST regulations? To take into account the impacts of tank age and tank capacity on the outlets' exit decision, we include the average tank age at facility j in year t ( jt A ), the natural log of the average tank capacity at facility j in year t Column (2) of Table 6 presents the result. The coefficients we are interested in, The coefficient of ln jt C is negative and significant, which provides further support for the economies of scale argument in that a low volume outlet would have difficulties in passing on the compliance cost to consumers, and therefore would be more likely to exit the market. The coefficient of jt A is positive and significant, suggesting that outlets with older tanks were more likely to exit the market under UST regulations. 
Changed Market Demand for Gasoline
One could contend that changes other than environmental regulations may have occurred during the studied period, and caused the phenomena we observed. For example, the changes of the market demand for gasoline may have increased the optimal size of petroleum retail outlets.
Large outlets and multiple-outlet firms therefore had a greater competitive advantage, and small businesses were driven out of the market. To investigate whether the observed phenomena could be explained by the changes in the market demand for gasoline, we obtained data from the hardly change from column (2) . This suggests that the observed patterns are not driven by the changed market demand for gasoline during the studied period. The coefficient for Vehicle Miles Traveled is negative and statistically significant, suggesting that the increased market demand for gasoline lowers the likelihood of petroleum retail outlets exiting the market.
Local Regulatory Enforcement
Another concern is that the observed phenomena may be driven by special local conditions. For example, before 2000, some local units of government had the authority to enforce UST rules, and some may have done this more aggressively than others. In fact, because they interpreted things differently, Michigan removed this authority from the local units of government. 16 One may argue, for example, that in the Private Insurance period, some local governments enforced UST rules more aggressively and there happened to be many small outlets in their areas, and this caused the phenomenon that small outlets are observed to be more likely to exit the market.
To address this concern, we clustered the observations by county and year, and perform the regression analysis with those clusters. This accounts for the changes of local conditions (not only regulatory enforcement) across counties and over years, and adjusts the estimates accordingly. Column 4 in Table 6 reports the regression result. The inclusion of the clusters hardly changes the estimates of the coefficients we are interested in, 5 β and 8
This suggests that the local condition variations across counties and over years are not likely to be a plausible explanation for the observed phenomena.
Natural Turnover
The higher exit rate of single-outlet firms and small outlets may be explained by the fact that the turnover rate by nature is higher for single-outlet firms and small outlets, that is, more exits and more entries. However, this is not likely to be a plausible explanation for the observed phenomena. When we investigated the exit rate of small outlets and large outlets in multiple- As a further investigation on the validity of "natural turnover" argument, we look at the exits, entries, expansions and contractions of different types of petroleum retail outlets between 1992 and 2000. If the natural turnover argument is valid, the ratio of the entries to the exits should be similar across different types of petroleum retail outlets between 1992 and 2000. Table 8 shows that 1,438 small outlets operating as single-outlet firms exited the market between 1992 and 2000, but only 154 of them entered the market during the same period. In contrast, multiple-facility firms took 148 small outlets out of the market, but opened 165 new ones. This again suggests that the natural turnover argument is not valid. 
Concluding Remarks
Our major conclusion is that environmental regulations have very uneven impacts on different types of facilities/firms. Small firms (single-outlet firms in the context of petroleum retail market) and small facilities (small outlets in the context of petroleum retail market) have greater difficulties in dealing with environmental regulations if compliance cost is significant.
This study suggests that both the economies of scale and the liquidity constraints arguments play a significant role in explaining the uneven impacts of environmental regulations on different types of facilities/firms. Economies of scale provide large facilities with a competitive advantage because it is more difficult for small facilities to pass on compliance costs to their customers. Liquidity constraints make small firms more vulnerable to environmental regulations because they do not have the financial capability to meet regulatory requirements.
This suggests that small businesses will have more difficulties competing with large businesses under environmental regulations. This highlights a set of policy issues that need to be further pursued. Because small businesses have difficulties in complying with environmental regulations and therefore pose greater environmental risks, it may be socially desirable not to
give them special treatment in the future. On the other hand, if the existence of small businesses is essential for providing convenient services in rural or remote area or keeping effective competition, environmental regulations should be implemented with appropriate financial assistance to small businesses (independent petroleum marketers, or "mom & pop" stations in the context of petroleum retail market) so that they can continue to operate. This opens up a rich set of interesting research questions that are beyond the scope of this paper.
Several other interesting questions have been left unexplored in this paper and should be investigated in future research. First, the uneven impacts of UST regulations discussed in this paper suggest that the structure of the petroleum retail market must have been significantly changed in the 1990s with the implementation of UST regulations. It has been shown that the local market power has a significant impact on gasoline retail price [9] . One could investigate how UST regulations have changed the profit margin in the gasoline retail market. Second, the theories discussed in this paper directly relate to firms' ability to comply with environmental regulations and thus reduce their environmental risk. For example, small firms may pose higher environmental risks because of the lack of resources to achieve compliance with environmental regulations. It would be interesting to investigate whether some observable facility characteristics -large facilities versus small facilities, owned by large firms versus small firmscan predict facilities' environmental risk. This study could be undertaken in the context of UST regulations because a UST leak database is available. The answer to this question can help us structure risk-based management strategies in which limited regulatory resources should be disproportionately allocated to high-risk firms. This is important as the EPA and its state counterparts often find that they do not have the capabilities to enforce environmental regulations with limited person power and a restricted budget [17] .
